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Abstract	
	
World	Health	Organization	(WHO)	reported	that	heart	disease,	stroke,	lower	respiratory	
infections	and	chronic	obstructive	 lung	disease	have	remained	the	top	major	killers	 in	
the	 world	 during	 the	 past	 decade.	 In	 Indonesia,	 it	 covers	 37%	 or	 about	 1.8	 millions	
mortality	 cases.	Hence,	human	vital	 sign	monitoring	 such	as	electrocardiograph	 (ECG)	
monitoring	 system	 is	 very	 essential	 for	 mitigating	 and	 preventing	 people	 fail	 to	 be	
handled	a	proper	assistance	from	healthcare	physicians.	In	this	paper,	we	propose	a	real	
time	 ECG	monitoring	 system,	 which	 the	 ECG	 data	 is	 able	 to	 be	 checked	wirelessly	 at	
specified	 device	 directlly	 without	 any	 server	 for	 data	 pooling	 (centralized	 database).	
ECG	 QRS	 wave	 and	 arrhythmia	 detection	 are	 important	 features	 for	 ECG	 monitoring	
system.	 Up	 to	 now,	 there	 are	 several	 studies	 ECG	wave	 detection,	 however,	 they	 are	
mainly	focus	on	internet	of	things	‐	based	telemedicine	system	for	data	transfer.	In	this	
case,	real	time	monitoring	system	could	be	disrupted	by	a	pooling	time	and	packet	loss	
due	 to	 its	 IP‐based	 connection.	 Hence,	 in	 this	 study,	 we	 propose	 a	 wireless	 ECG	
monitoring	system	with	direct	point	to	point	communication		at	2.4	GHz	by	using	3‐lead	
acquistion	system	on	single	channel	wireless	ECG	device.	The	system	is	developed	based	
on	AD8232	chip	for	acquisition,	NRF24101	wireless	link	platform	for	data	transfer	and	
Arduino	microcontroller	for	ECG	data	processing.	In	order	to	evaluate	the	performance	
of	wireless	ECG	 system,	we	use	wearable	 textile	 antennas	 (as	Tx	 and	Rx	 antenna),	 on	
which	are	attached	the	human	body	and	experimentally	tested	in	indoor	environment,	
representing	an	off‐body	communication.	The	results	show	that	the	developed	system	is	
able	 to	 transfer	 and	 display	 real	 time	 ECG	 signals	 up	 to	 approximately	 15m	 of	
obstruction	environment,	which	 the	measurement	 is	 conducted	 in	a	sitting	position	of	
volunteers.	We	have	also	validated	the	obtained	ECG	data,	comparing	to	the	data	taken	
from	 the	 healthcare	 clinic	 equipment.	Moreover,	 according	 to	 QRS	wave	 analysis,	 our	
ECG	 signals	 have	 reasonable	 RR,	 PR,	 QRS	 and	 ST	 wave	 interval	 comparing	 to	 the	
standard	ECG	signals.	
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1. Introduction	
World	Health	Organization	(WHO)	has	reported	that	heart	disease,	stroke,	 lower	
respiratory	infections	and	chronic	obstructive	lung	disease	have	remained	the	top	major	
killers	in	the	world	during	the	past	decade.	The	hearth	desease	contributed	about	48.6%	
or	 7.4	millions	 of	 death	 in	 the	world,	where	 in	 Indonesia,	 it	 covers	 37%	or	 about	 1.8	
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millions	mortality	cases.	For	the	sake	of	this	case,	human	vital	sign	monitoring	such	as	
electrocardiograph	 (ECG)	 monitoring	 system	 is	 very	 essential	 for	 mitigating	 and	
preventing	 people	 fail	 to	 be	 handled	 a	 proper	 assistance	 from	 healthcare	 physicians.	
However,	existing	ECG	devices	in	Indonesia	mostly	are	situated	only	in	big	hospitals.	The	
patient	with	heart	attack	will	have	to	come	to	hospital	to	check	the	condition.	Due	to	the	
lack	of	 fast	 transportation	system	 in	 Indonesia,	 it	 leads	 to	 inefficient	 time	and	money.	
Therefore,	it	is	very	important	to	develop	wireless	ECG	devices.	By	this	device,	patient	is	
able	to	check	the	heart	condition	anytime	and	anywhere	easier	with	affordable	spending	
money.	The	special	condition	such	as	heart	attack	people	also	can	be	accommodated	by	
this	wireless	ECG	system.		
	
Some	current	researches	on	ECG	have	been	developed	such	as	 in	Android‐based	
by	Jing	et	al.,	2009,	which	is	able	to	detect	R	peak	to	calculate	the	beat	per	minute	(bpm).	
This	 is	 supposed	 to	 be	 capable	 of	 detecting	 sinus	 bradycardia,	 ventricular	 flutter,	 and	
left	 bundle	 branch	 block.	 A	 mobile	 ECG	 is	 proposed	 by	 Kailanto	 et	 al.,	 2008,	 which	
combine	the	Android‐application	with	a	server	to	enable	storage	and	web	transmission	
the	ECG	data.	This	mobile	system	has	feature	of	QRS	and	arrhythmia	detection.	Kapua	et	
al.,	2010,	developed	ECG	system	for	telemedicine	applications	by	building	a	web	based	
system	to	monitor	the	patient.	There	are	also	some	on‐going	researches	for	trying	a	real	
time	 ECG	 signal	 processing	 (Bsoul	 et	 al.,	 2011	 and	 Faezipour	 et	 al.,	 2010).	 In	 fact,	
however,	the	input	of	ECG	data	is	taken	from	database	directories	from	some	available	
standard	websites,	such	as	MIT	and	BIH	database.	Our	research	focuses	on	design	of	a	
wireless	ECG	 system	by	using	2.4	GHz	of	wearable	 antennas	both	 in	 transmitting	 and	
receiving	 ECG	 data	 wirelessly.	 This	 point	 to	 point	 system	 uses	 three‐lead	 ECG	
acquisition	technique	on	a	single	channel	ECG	Analog	Front	End	(AFE)	AD8232	platform.		
In	this	paper,	we	discuss	some	experimental	results	on	wireless	ECG	system	in	the	
case	 of	 off‐body	 communication	 link.	 The	measurement	 is	 conducted	 in	 indoor	 room	
with	several	distance	ranges.	First,	a	proposed	wireless	ECG	system	is	introduced	before	
we	 show	 some	 experimental	 scenarios	 to	 be	 conducted	 for	 off‐body	 link.	 Then,	 the	
performance	results	are	analyzed	by	comparing	to	the	standard	results	that	have	been	
conducted	 in	clinic	healthcare.	Last,	we	conclude	some	important	points	related	to	the	
experiment	results.	
	
2. Proposed	Wireless	ECG	System		
	
Our	 research	 is	 aimed	 to	 design	 a	 wireless	 ECG	monitoring	 system	with	 direct	
point	 to	point	 communication	at	2.4	GHz	by	using	3‐lead	acquisition	system	on	single	
channel	wireless	ECG	device	(Agung	&	Basari,	2016).	The	proposed	system	is	developed	
based	 on	 AD8232	 chip	 for	 acquisition,	 NRF24101	 wireless	 link	 platform	 for	 data	
transfer	and	Arduino	microcontroller	for	ECG	data	processing.	In	order	to	evaluate	the	
performance	of	wireless	ECG	system,	we	use	wearable	 textile	 antennas	 (as	Tx	and	Rx	
antenna),	 on	which	are	attached	 the	human	body	and	experimentally	 tested	 in	 indoor	
environment,	representing	an	off‐body	communication.		
	
The	 transmitter	 consists	 of	 a	 microcontroller,	 AD8232	 front	 end	 and	 on‐body	
attached	antenna.	The	antenna	size	is	5	cm		2	cm	that	 fabricated	on	textile	substrate,	
which	is	operated	at	2.45	GHz.	AD8232	chip	is	used	to	acquire	the	ECG	signal,	filtering	
high	frequency	and	low	frequency	component	from	signal	and	provide	100	V/V	of	gain.	
Microcontroller	will	convert	analog	raw	data	from	AD8232	chip	to	digital	data.	ECG	data	
is	wirelessly	sent	from	transmitter	to	receiver	at	2.4	GHz	by	point	to	point	link.		
	
In	order	to	send	digital	ECG	signals,	the	ECG	data	is	converted	in	binary	form	and	
inserted	into	a	payload.	The	payload	is	consisted	of	the	receiver	address	and	ECG	data	
itself.	 The	 receiver	 address	 is	 added	 to	 ensure	 the	 data	 is	 transmitted	 to	 the	 correct	
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destination.	 When	 the	 ECG	 signal	 is	 transmitted,	 the	 transmitter	 will	 wait	 about	 15	
milliseconds	 to	 complete	 the	 communication	 link.	 If	 communication	 link	 is	 ready,	 the	
transmitter	will	 send	the	ECG	signal	 to	 the	receiver.	 In	contrary,	 if	 the	communication	
link	is	still	not	ready	in	allocated	time,	the	transmitter	will	retry	to	establish	the	link	up	
to	15	 times.	 Finally,	 following	15	 times	when	 the	 transmitter	 is	 failed	 to	 establish	 the	
connection,	the	ECG	signal	transmission	is	aborted.		
	
The	 receiver	 consists	 of	 microcontroller	 and	 textile	 antenna.	 The	 receiver	 will	
receive	 the	 transmitted	 digital	 ECG	 data	 from	 the	 transmitter	 and	 display	 the	 ECG	
signals	 on	 a	monitor.	Microcontroller	 converts	 the	 digital	 ECG	 signals	 to	 serial	 analog	
data,	and	is	then	transferred	to	a	computer	via	Arduino	power	cable.	A	free	software	is	
used	for	displaying	the	received	ECG	signals	in	real	time.	
	
3. Off‐Body	Communication	Experimental	Test	
	
In	 this	 research,	 we	 apply	 two	 investigations	 that	 are	 relating	 to	 the	
communication	delay	of	the	wireless	system.	We	have	actually	conducted	two	kinds	of	
measurement,	 those	are	on‐body	communication	and	off‐body	communication	tests,	 in	
which	 each	 measurement	 has	 three	 different	 scenarios.	 When	 measurement	 is	
conducted,	the	subjects	(volunteers)	need	to	keep	holding	his	position	up	to	five	minutes	
while	 recording	 the	 ECG	 data.	 Sometimes,	 when	 the	 subject	moves	 around	while	 the	
recording,	 noise	 appears	 on	 ECG	 signals.	 Subjects	 are	 two	 healthy	 males	 with	 20	
(skinny)	and	22	(fatty)	years	old.	The	measurement	is	conducted	in	sitting	condition	of	
the	subjects	and	the	textile	antenna	is	placed	at	the	left	arm	of	the	subjects.	By	varying	
location	distance	and	obstacle	environment,	the	ECG	signals	are	recorded	in	real	time.	In	
order	to	validate	the	system	performance,	the	recorded	ECG	from	the	proposed	system	
will	 be	 numerically	 compared	with	 the	 clinical	 test	 at	 clinical	 healthcare	 on	 the	 same	
subjects.	The	following	section	will	discuss	each	measurement	scenario.	
	
3.1. Scenario	1	
	
In	scenario	1,	the	transmitting	(Tx)	and	receiving	(Rx)	antennas	are	situated	at	the	
left	arm	of	the	subjects,	subject	1	as	Tx	and	subject	2	as	Rx.	Subject	1	and	subject	2	are	
situated	in	the	same	room	at	the	4th	floor	of	the	4‐storey	concrete	building,	described	in	
Fig.	 1.	 The	 room	 is	 equipped	 by	 several	 desks,	 chairs,	 small	 cable	 poles,	 and	 acrylic	
bulkhead.		
The	 transmitted	 ECG	 signal	 is	 wirelessly	 received	 by	 subject	 2	 (Rx	 antenna)	 at	
about	2m	of	distance,	which	is	shown	in	Fig.	2.	The	result	show	that	the	ECG	signals	can	
be	well	received	at	the	receiver	eventhough	there	is	a	bit	amplitude	fluctuation	of	QRS‐
wave	peak.			
	
 (a)																																																																(b)	
Figure	1.	(a)	Tx	antenna	is	attached	on	subject	1;	(b)	Rx	antenna	is	attached	on	subject	2.	
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Figure	2.	Received	ECG	signals	that	are	displayed	at	the	receiver	for	subject	2	(scenario	1).	
	
3.2. Scenario	2	
	
In	scenario	2,	the	transmitting	(Tx)	and	receiving	(Rx)	antennas	are	situated	at	the	
same	as	the	scenario	1,	however,	subject	1	and	subject	2	are	separated	in	the	different	
room	at	the	4th	floor	of	the	4‐storey	concrete	building.	The	rooms	are	separated	by	some	
acrylic	 bulkheads	 at	 10‐15m	 of	 the	 distance.	 This	 scenario	 is	 aimed	 to	 determine	
whether	the	proposed	system	can	send	the	ECG	signal	across	the	obstacle.	
The	transmitted	ECG	signal	is	wirelessly	received	by	subject	2	(receiver)	as	shown	
in	Fig.	3.	The	result	show	that	the	ECG	signals	can	be	well	received	at	the	receiver.			
	
	
		
Figure	3.	Received	ECG	signals	that	are	displayed	at	the	receiver	for	subject	2	(scenario	2).	
	
3.3. Scenario	3	
	
In	scenario	3,	the	transmitting	(Tx)	and	receiving	(Rx)	antennas	are	situated	at	the	
same	 as	 the	 scenario	 2,	 but	 the	 room	 of	 subject	 2	 is	 equipped	 by	 some	 microwave	
mesurement	 tools,	 from	which	 some	 radiation	disturbance	may	exist.	 This	 scenario	 is	
aimed	 to	 verify	 the	 signal	 distortion	 may	 occur	 to	 ECG	 data	 reading	 due	 to	
electromagnetic	interference.	As	a	result,	the	received	ECG	signals	are	still	well	received,	
as	depicted	in	Fig.	4.		
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Figure	4.	Received	ECG	signals	that	are	displayed	at	the	receiver	for	subject	2	(scenario	3).	
	
Table	1.	Comparison	Results	between	Lab	Measurement	and	Clinical	Test	
	 RR	
	(s)	
PR	
(s)	
P	
(s)	
QRS	
(s)	
ST	
(s)	
Scenario	1	 0.86 0.22 0.13 0.10 0.32	
Scenario	2	 0.88 0.22 0.12 0.11 0.31	
Scenario	3	 0.87	 0.22	 0.13	 0.10	 0.3	
Clinical	Test	 1.2	 0.24	 0.12	 0.12	 0.32	
 
When	we	analyze	the	ECG	signal,	 it	will	be	grouped	into	some	interval	wave,	those	are	
RR,	PR,	P,	QRS,	and	ST	wave	time	interval,	which	describe	the	electrical	activity	in	human	hearts.	
From	 Table	 1,	 the	 interval	 has	 different	 value	 among	 scenarios.	 However,	 if	 we	 are	 using	 the	
standard	time	 interval,	 for	RR	time	interval	between	0.66	–	1.2	seconds,	P	time	interval	 is	0.13	
seconds,	 PR	 time	 interval	 0.12	 –	 0.24	 seconds,	 QRS	 time	 interval	 0.12	 seconds	 and	 ST	 time	
interval	0.32	seconds	are	still	within	the	standard	time	interval.	Hence,	the	proposed	monitoring	
system	supposed	 to	be	used	 for	medical	diagnostic	without	 giving	 the	 false	 information	 to	 the	
doctor.	 The	 delay	 exists	 due	 to	 the	 scattering	 and	 reflection	phenomena	when	 the	 transmitter	
send	ECG	signals.	The	amplitude	fluctuation	over	time	is	caused	by	EM	interference	in	2.45	GHz	
band	environment.		
	
4. Conclusion	
	
This	paper	has	discussed	the	evaluation	of	 the	proposed	patient	ECG	monitoring	
system	 to	 the	 off‐body	 communication	 link.	 Various	 off‐body	 link	 scenarios	 has	 been	
conducted	and	verified	with	clinical	test	results.	The	experimental	results	show	that	the	
developed	system	is	able	to	transfer	and	display	real	time	ECG	signals	up	to	approximately	15m	
of	 obstruction	 environment,	 which	 the	 measurement	 is	 conducted	 in	 a	 sitting	 position	 of	
volunteers.	We	have	also	validated	the	obtained	ECG	data,	comparing	to	the	data	taken	from	the	
healthcare	 clinic	 equipment.	Moreover,	 according	 to	 QRS	wave	 analysis,	 our	 ECG	 signals	 have	
reasonable	RR,	PR,	QRS	and	ST	wave	time	interval	comparing	to	the	standard	ECG	signals.	
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